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METHODS OF MEASURING OVERLAY 
ERRORS IN AREA-MAGNGE-BEAM 

LTHOGRAPHY 

CROSS-REFERENCE TO RELATED 
APPLICATION(S) 

The present application claims the benefit of US. Provi 
sional Application No. 61/740,052, filed on Dec. 20, 2012, 
entitled “Method of Measuring Overlay Errors Due to Aber 
rations and Space Charge Effects for Area-Imaging Electron 
Beam Lithography System, the disclosure of which is hereby 
incorporated by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

This invention was made with Government support under 
Agreement No. HR0011-07-9-0007 awarded by DARPA. 
The Government has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to programmable-pattern 
area-imaging electron beam (e-beam) lithography. 

2. Description of the Background Art 
One type of e-beam lithography system uses point sources 

or shaped beams for writing specific shapes. With a point 
source or shaped beam, the beam is not influenced by space 
charge or other effects due to the presence of closely neigh 
boring beams. Another type of e-beam lithography system 
uses fixed electron transmission stencil masks. 

Another type of e-beam lithography system is a program 
mable-pattern area-imaging type which uses a collection of 
electron beams (i.e. a patterned beam covering an area) to 
print a pattern Swath by Swath on a Substrate. Programmable 
pattern area-imaging electron beam lithography systems 
include programmable electron-beam reflection systems, 
programmable electron-beam transmission systems, and pro 
grammable electron-beam emission systems. 

SUMMARY 

One embodiment relates to a method of measuring overlay 
errors for a programmable pattern, area-imaging electron 
beam lithography apparatus. Patterned cells of an overlay 
measurement target array may be printed in Swaths such that 
they are Superposed on patterned cells of a first (base) array. In 
addition, the overlay array may have controlled-exposure 
areas distributed within the swaths. The superposed cells of 
the overlay and base arrays are imaged. The overlay errors are 
then measured based on distortions between the two arrays in 
the image data. Alternatively, non-imaging methods, such as 
using scatterometry, may be used. 

Another embodiment relates to a method for correcting 
overlay errors for an programmable pattern, area-imaging 
electron beam lithography apparatus. Overlay errors for a 
pattern to be printed are determined based on within-swath 
exposure conditions. The pattern rendering is then pre-dis 
torted or pre-compensated to compensate for the overlay 
COS. 

Other embodiments, aspects and features are also dis 
closed. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flow diagram of a method for measuring and 
correcting overlay errors for an area-imaging e-beam lithog 
raphy instrument in accordance with an embodiment of the 
invention. 

FIG. 2 depicts a base array of patterned cells that may be 
printed in a base layer in accordance with an embodiment of 
the invention. 

FIG.3 depicts an overlay array of patterned cells that may 
be printed over the base layer in accordance with an embodi 
ment of the invention. 

FIG. 4 depicts the overlay array of patterned cells super 
imposed over the base array of patterned cells in accordance 
with an embodiment of the invention. 

FIG. 5A through 5H depict eight exemplary swath layouts 
in accordance with an embodiment of the invention. 

FIG. 6 is a cross-sectional diagram of an area-imaging 
e-beam lithography instrument in accordance with an 
embodiment of the invention. 

FIG. 7 depicts various embodiments of overlay measure 
ment targets and examples of pattern recognition features that 
may be used assist in overlay measurements. 

FIG. 8 depicts scatterometry overlay target gratings 
arranged to be printed along the along the Swath scanning 
direction. 

DETAILED DESCRIPTION 

With programmable pattern area-imaging e-beam lithog 
raphy, there may be several error Sources, including space 
charge effects, defocusing, and aberrations. Such error 
Sources may cause the relative positions of the electrons that 
expose different areas of the pattern to be different from the 
ideal positions, resulting in undesirable pattern distortion 
which may be referred to herein as “overlay errors”. Tech 
niques for the measurement and correction of overlay errors 
for area-imaging e-beam lithography are disclosed herein. 

FIG. 1 is a flow diagram of a method 100 for measuring and 
correcting overlay errors for an area-imaging e-beam lithog 
raphy instrument in accordance with an embodiment of the 
invention. This method 100 provides for the quantitative mea 
Surement of overlay errors at many points within an e-beam 
lithography writing field area and under various local expo 
Sure conditions. The various local exposure conditions are 
used to identify and separate the overlay error sources. Local 
exposure conditions may then be controlled to reduce or 
minimize the overlay error, and/or pre-distortion of patterns 
may then be performed to compensate for the expected over 
lay errors 

Per block 102, a first resist layer (or a directly-patternable 
material layer) may be deposited on the Substrate surface, 
Such as the Surface of a silicon wafer Substrate. A base array 
of patterned cells (layer 1 pattern) may then be printed by 
exposure and development of the resist layer (or by direct 
printing into the directly-patternable material layer) per block 
103. An illustrative example of a base array 200 of patterned 
cells is depicted in FIG. 2. The printing may be accomplished 
using, for example, the e-beam lithography instrument under 
minimal distortion conditions. Alternatively, a different 
lithography instrument may be used to print the base array. 
For example, an optical lithography instrument (Such as a 193 
nm or 248 nm lithography system) or an EUV (extreme 
ultraviolet) lithography system may be used to print the base 
array. Subsequently, per block 104, the base array may be 
etched into the silicon surface by a dry or wet etch process, 
and the patterned-resist layer (or the directly-patterned mate 
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rial layer) may then be removed. Alternatively, the step of 
block 104 may be skipped, and the base array may be used as 
printed in the patterned-resist layer (or the directly-patterned 
material layer). 

Per block 105, a second resist layer (or a directly-pattern 
able material layer) may then be deposited over the etched 
base array. Subsequently, per block 106, an overlay array 
(layer 2 pattern) may be printed by exposure and development 
of the resist layer (or by direct printing into the directly 
patternable material layer). The overlay array may include 
patterned cells that are complementary to the patterned cells 
in the base array. An illustrative example of a overlay array 
300 of complementary patterned cells is described above in 
relation FIG. 3, and a superposition of the overlay array 300 
over the base array 200 is shown in FIG. 4. Thereafter, the 
overlay array may be etched and the patterned-resist layer (or 
the directly-patterned material layer) may then be removed 
per block 107. Alternatively, the step of block 107 may be 
skipped, and the overlay array may be used as printed in the 
patterned-resist layer (or the directly-patterned material 
layer). 
The printing of the overlay array per block 106 may be 

performed with a variety of local exposure conditions. As 
described below in relation to FIGS. 5A-5H, the different 
local exposure conditions may involve adjacent areas within 
a Swath being exposed with varying levels of electron beam 
intensity (beam current). The different local exposure condi 
tions may also be achieved by varying electron beam column 
settings, such as lens Voltages, focus levels, Stigmator 
strengths, deflections, and other column settings, between 
Swaths. 

Per block 108, the superposed arrays may be imaged and 
distortions in the overlay array relative to the underlying base 
array may be measured. The base array of patterned cells 
effectively provides a reference background pattern relative 
to which the distortions in the printed overlay array may be 
measured. Such measurements may be made from image data 
of the two Superimposed layers obtained by an optical imag 
ing microscope, anion microscope, or a high-resolution scan 
ning electron microscope, for example. The overlay measure 
ments may be made with the overlay and base arrays etched 
into the Substrate or into a desired process layer material, or 
may be made with the overlay array (or both arrays) printed in 
a patterned-resist or directly-patterned layer. 

Per block 110, correlations between the distortions in the 
overlay cell patterns and the local exposure conditions may be 
determined. For example, a same overlay cell pattern may be 
printed under various local exposure conditions, and the 
resultant printed cell patterns may be processed to determine 
distortions caused by the local exposure conditions. Based on 
these correlations, the local exposure conditions may be con 
trolled during e-beam lithography to reduce overlay errors per 
block 112. 

In addition, or alternatively, per block 114, a determination 
may be made of pre-distortion or pre-compensation to be 
applied to various cell patterns given different local exposure 
conditions to reduce the final overlay error. Finally, per block 
116. Such pre-distortions may be Subsequently applied to 
patterns being written by the e-beam lithography instrument 
under the same or similar local exposure conditions. 

Different target designs may work best under different 
wafer processing or measurement conditions. Smaller over 
lay targets allow denser placement of targets in the array and 
more information on pattern distortion, enabling better cal 
culation of overlay corrections. 
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4 
Exemplary targets are depicted in FIG. 7. The depicted 

targets include overlay targets (702. 704, 706, 708, 722, 724 
and 726) and pattern recognition targets (710 and 712). 

FIG. 2 depicts an exemplary base array 200 of patterned 
cells that may be printed in a base layer in accordance with an 
embodiment of the invention. In this example, eight rows 
(labeled a through h) are shown. Rows (a) and (c) contain the 
same patterned cells (each cell having a first part of overlay 
target 708), but the cells in row (c) are offset from the cells in 
row (a) by a fraction of the cell width. Similarly, rows (d) and 
(h) contain the same patterned cells (each cell having a first 
part of overlay targets 702 and 704), but the cells in row (h) are 
offset from the cells in row (d) by a fraction of the cell width, 
and rows (e) and (g) contain the same patterned cells (each 
cell having a first part of overlay cell 706), but the cells in row 
(g) are offset from the cells in row (e) by a fraction of the cell 
width. Rows (b) and (f) provide alignment patterns or pattern 
recognition marks in cells (each cell including marks 722 and 
724) that may be used by the overlay metrology instrument 
for alignment purposes prior to the measurement of the over 
lay array 300. 

FIG.3 depicts an exemplary overlay array 300 of patterned 
cells (“target cells') that may be printed over the base layer in 
accordance with an embodiment of the invention. Similar to 
the base array 200, eight rows (labeled a throughh) are shown 
in the overlay array 300. In this example, overlay array 300, 
rows (a) and (c) contain the same patterned cells (each cell 
having a first part of overlay target 708), but the cells in row 
(c) are offset from the cells in row (a) by a fraction of the cell 
width. Similarly, rows (d) and (h) contain the same patterned 
cells (each cell having a first part of overlay targets 702 and 
704), but the cells in row (h)are offset from the cells in row (d) 
by a fraction of the cell width, and rows (e) and (g) contain the 
same patterned cells (each cell having a second part of overlay 
cell 706), but the cells in row (g) are offset from the cells in 
row (e) by a fraction of the cell width. Rows (b) and (f) are 
blank as they correspond to the rows in the base array 200 that 
are used for alignment. 
Note that the overlay array 300 of FIG.3 is designed to be 

printed by Scanning a horizontally-oriented array of dynami 
cally-controlled e-beamlet 'pixels' in a vertical direction. 
Each e-beamlet pixel may be dynamically controlled to be 
either on (where the e-beamlet illuminates the pixel) or off 
(where the e-beamlet is blocked or diffracted so that it does 
not illuminate the pixel). The area covered by each Such scan 
may be referred to as a vertical swath. 

FIG. 4 depicts the overlay array 300 of patterned cells 
superimposed over the base array 200 of patterned cells in 
accordance with an embodiment of the invention. As shown 
in FIG. 4, the pattern in the cells in the overlay array 300 
generally complement (and do not overlap with) the pattern in 
the cells of the base array 200. In this example, rows (a) and 
(c) contain the same 2-layer patterned cells (each cell having 
the overlay target 708), but the cells in row (c) are offset from 
the cells in row (a) by a fraction of the cell width. Similarly, 
rows (d) and (h) contain the same 2-layer patterned cells (each 
cell having overlay targets 702 and 704), but the cells in row 
(h) are offset from the cells in row (d) by a fraction of the cell 
width, and rows (e)and (g) contain the same 2-layer patterned 
cells (each cell having the overlay cell 706), but the cells in 
row (g) are offset from the cells in row (e) by a fraction of the 
cell width. Rows (b) and (f) contain the single-layer pattern 
recognition marks (each cell having the marks 722 and 724). 
FIG.5A through 5H depict eight exemplary swaths layouts 

(510,520, 530, 540, 550,560,570 and 580, respectively) to 
print an overlay array in accordance with an embodiment of 
the invention. The eight swaths in FIGS. 5A-5H are each 
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formed over a first layer pattern (base array) which underlies 
the entire swath. Each of the eight swath layouts of FIGS. 
5A-5H is designed to be printed by scanning a horizontally 
oriented array of dynamically-controlled e-beamlet pixels in 
a vertical direction. The area covered by each Such scan may 
be referred to as a vertical Swath. One vertical swath is 
depicted in each of FIGS. 5A-5H. 
The eight swath layouts in FIGS.5A-5H includes patterned 

areas 512 that are unshaded in the figures. These patterned 
areas 512 contain repeated cell patterns similar to the exem 
plary cell patterns in FIG. 3. As shown in the figures, the 
patterned areas 512 are organized in “macro rows’ with an 
example macro row being outlined and labeled 514 in FIG. 
5A. Each macro row of the patterned area 512 may include 
multiple rows of repeated cell patterns, such as the rows 
shown in FIG. 3, for example. 
The latter seven swath layouts in FIGS. 5B-5H also include 

controlled-exposure areas (such as, 524,534, 535,536,537, 
etc.) that are shaded (filled) in the figures. These controlled 
exposure areas do not have the repeated cell patterns. As 
described below, these controlled-exposure areas may be 
used to controllably vary local exposure conditions within a 
Swath. 

In the first exemplary swath layout 510 depicted in FIG. 
5A, the patterned area 512 may be the entire area of the swath 
layout 510 and may include multiple macro rows. There are 
no controlled-exposure areas in this swath layout 510. As 
Such, the local exposure conditions used to print each pat 
terned cell may be considered to be relatively constant. This 
swath layout 510 may be printed using a nominal or a best 
known e-beam column configuration. 

In the second exemplary swath layout 520 depicted in FIG. 
5B, the patterned area 512 (including multiple macro rows) 
only partially covers the area of the swath layout 520. As seen 
in FIG. 5B, controlled-exposure areas 524 may each cover a 
segment of a macro row and may be asymmetrically distrib 
uted in the swath layout 520. In this case, the local exposure 
conditions used to print each cell in the patterned areas 512 
may be considered to vary depending on the local proximity 
to the controlled-exposure areas 524 and the exposure setting 
for those areas 524. 

For example, the controlled-exposure areas 524 may 
include fully-exposed cells (all pixels in the cell turned on), 
fully-blocked cells (all pixels in the cell turned off), or par 
tially-exposed cells (a fraction of pixels turn on and the 
remaining pixels turned off in a well-distributed manner 
within the cell). In one specific example, the partially-ex 
posed cells may be 50% exposed with a “checkerboard' pixel 
pattern. In the particular swath layout 520 illustrated in FIG. 
5B, the controlled-exposure areas 524 are in the form of 
partial rows in the swath layout 520. 

In the third exemplary swath layout 530 depicted in FIG. 
5C, the patterned area 512 again only partially covers the area 
of the swath layout 530. As seen in FIG. 5C, there may be 
different controlled-exposure regions (534, 535, 536, and 
537). In this example, each controlled-exposure region may 
each cover segments of multiple adjacent macro rows and 
may be symmetrically distributed in the swath layout 530, 
and each region may have a different fraction of pixels on in 
a distributed manner. 

In one configuration, the first region 534 may have 100% of 
pixels turned on, the second region 535 may have 75% of 
pixels turned on, the third region 536 may have 50% of its 
pixels turned on, and the fourth region 537 may have 25% of 
its pixels turned on. In another configuration, the first region 
534 may have 100% of pixels turned on, the second region 
535 may have 75% of pixels turned on, the third region 536 
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6 
may have 50% of its pixels turned on, and the fourth region 
537 may have 0% of its pixels turned on. Various other con 
figurations are also possible. 

In the fourth exemplary swath layout 540 depicted in FIG. 
5D, the patterned area 512 again only partially covers the area 
of the swath layout 540. As seen in FIG. 5D, there may be 
controlled-exposure regions with two different levels of 
exposure (544 and 545) covering segments of pairs of adja 
cent macro rows in an alternating asymmetric pattern. For 
example, the first level of exposure (544) may have 100% of 
the pixels on, and the second level of exposure may have 0% 
of the pixels on (545). In this case, alternating the magnitudes 
of the influences of space charge may be used for separation 
or isolation of the space charge contributions to the overlay 
COS. 

In the fifth exemplary swath layout 550 depicted in FIG. 
5E, the patterned area 512 again only partially covers the area 
of the swath layout 550. As seen in FIG. 5E, there may be 
controlled-exposure areas (554 and 556) with two different 
levels of exposure, where each controlled-exposure area cov 
ers the entire width of a pair of adjacent macro rows. In this 
case, there are two macro rows of patterned area 512 separat 
ing the controlled exposure areas. For example, the first level 
of exposure (areas 554) may have 100% of the pixels on, and 
the second level of exposure may have 0% of the pixels on 
(areas 556). In this case, the overlay errors should be rela 
tively constant in the X (horizontal) direction, especially for 
the patterned cells (target cells) near the center of the swath 
width. Meanwhile, the overlay errors may vary substantially 
in they (vertical) direction for the patterned cells depending 
on the adjacent charge density and the distance from the 
charge density. For example, it is expected that the overlay 
errors may be measurably different for the patterned cells 
nearby full-exposure areas 554 when compared against the 
overlay errors for the patterned cells nearby fully-blocked 
(Zero-exposure) areas 556. 

In the sixth exemplary swath layout 560 of FIG. 5F is 
similar to the fifth exemplary swath layout 550 of FIG. 5E. 
The difference is that, in this case, there are four macro rows 
of patterned area 512 separating the controlled exposure 
areas. By comparing the overlay errors in FIGS. 5E and 5F, 
distance Scaling of the y-direction overlay errors may be 
determined. 
The seventh and eighth exemplary swath layout (570 and 

580) of FIGS.5G and 5H, respectively, show other examples 
of asymmetric distributions of the controlled-exposure areas 
(574 and 576) with alternating exposure levels covering seg 
ments of pairs of adjacent macro rows. For example, the first 
level of exposure (areas 574) may have 100% of the pixels on, 
and the second level of exposure may have 0% of the pixels on 
(areas 576). 
While the exemplary swath layouts discussed above vary 

local exposure levels at different positions to determine their 
effect on overlay errors within a swath, other e-beam column 
settings may also be varied to determine their effect on over 
lay errors. In an exemplary embodiment, these e-beam col 
umn settings may be varied between Swaths (for example, 
with one setting in one Swath and another setting in an adja 
cent Swath) in a manner Such that the effect of each setting on 
the overlay errors may be isolated. Such e-beam column 
settings may include lens Voltages, beam current, focus 
strengths, Stigmation strength, deflection strength, and so on. 

FIG. 6 is a cross-sectional diagram of an area-imaging 
e-beam lithography instrument in accordance with an 
embodiment of the invention. As depicted, an electron gun 
602 may be configured to output an electron beam 607 
towards an ExB separator 610. The ExB separator 610 may be 
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a Wien filter and may be arranged just below a first demag 
nification (demag) lens 612 and may be arranged to bend or 
deflect the trajectory of the electron beam 607 towards a 
dynamic pattern generator (DPG) 618. This deflection occurs 
because the Velocity of the electrons comprising the electron 
beam is predominantly in Such a direction so that the electric 
force and magnetic force of the ExB separator (which are of 
equal value) add, doubling the deflection force. 
A first demagnification (demag) lens 612 may focus the 

re-directed electronbeam 613 so as to form a crossover above 
the first demag lens 612 and form a magnified image of the 
cathode onto the DPG 618. The DPG lens 616 may be an 
electrostatic lens which decelerates the electrons of the re 
directed electron beam 613 to within a few volts of the cath 
ode potential. The DPG lens 616 may be, for example, an 
immersion cathode lens which is configured to deliver an 
effectively uniform current density (i.e. a relatively homoge 
neous flood beam) over a large area in a plane at the Surface of 
the DPG 618. 

The DPG 618 may include a two-dimensional array of 
pixels. Each pixel may include an electrically conductive 
contact to which a voltage level is controllably applied. Alter 
natively, the dynamic pattern generator may be replaced by 
another patterned electron reflector, such as, for example, a 
static patterned electron reflector in which the pattern is not 
dynamically configurable. 
As the reflected electrons 619 leave the DPG 618, the DPG 

lens 616 re-accelerates the reflected electrons 619 toward 
their second pass through the first demag lens 612 and the 
ExB separator 610. The ExB separator 610 is configured to 
receive the reflected electrons 619 from the first demag lens 
612 and to pass (without deflection) the reflected electrons 
towards the second (final) demag lens 620. The projection 
axis (vertical in FIG. 6) going from the DPG 618 to the stage 
624 may be straight as depicted. 
The final demag lens 620 may be positioned between the 

ExB separator 610 and the target substrate 622. The final 
demag lens 620 may be configured to focus the reflected 
electron beam 619 and demagnify the beam onto a surface of 
the target substrate 622. The target substrate 622 may be, for 
example, a semiconductor wafer with a photoresist layer on 
its surface The blur and distortion due to the final demaglens 
620 is preferably a fraction of the pixel size. The substrate 
stage 624 holds the target substrate 622. In one embodiment, 
the stage 624 is stationary during the lithographic projection. 
In another embodiment, the stage 624 is in motion during the 
lithographic projection. In the case where the stage 624 is 
moving, during the lithographic projection, the pattern on the 
DPG 618 may be dynamically adjusted to compensate for the 
motion Such that the projected pattern moves in correspon 
dence with the wafer movement. The stage 624 may be con 
figured for linear motion or rotary motion. 

While the above description provides overlaying layers for 
performing an imaging overlay measurement, non-imaging 
overlay measurement methods may be used to measure the 
overlay variation across the Swath width in accordance with 
an alternate embodiment. The non-imaging overlay measure 
ment methods may include using a scatterometry overlay or a 
diffraction based overlay. 

FIG. 8 shows scatterometry overlay grating structures 
arranged along the Swath scanning direction (“Y”). These 
scatterometry overlay target grating structures may be 
arranged to be printed along the Swath scanning direction 
(direction Y) over the base array of patterned cells. 
As further shown in FIG. 8, the overlay grating structures 

may include gratings oriented in the X direction (rows Xa, 
Xa', Xb, Xb") and gratings oriented in the Y direction (rows 
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8 
Ya,Ya',Yb, andYb'). The gratings labeled Xa, Xa'Xb, and Xb' 
may correspond to different SCOL target cell X offsets, while 
the gratings labeled Ya, Ya'Yb, Yb' may correspond to differ 
ent SCOL target cell Y offsets. 

Measurements are made of signals from the scatterometry 
overlay cells at different X positions to get overlay as function 
of X in the Swath. A first series (or group) of measurement 
locations 802 may comprise one scatterometry overlay mea 
Surement at a first X location. A second series (or group) of 
measurement locations 804 may comprise one scatterometry 
overlay measurementata second X location. A third series (or 
group) of measurement locations may comprise one scatter 
ometry overlay measurementata thirdX location. For each of 
these scatterometry overlay measurements, the Y location of 
the measurement may be considered to be the average Y 
location of the scatterometry signal measurements. In a pre 
ferred embodiment, the measurement illumination spots are 
as Small as practical and measured at a series of X locations as 
densely spaced as possible, e.g. at a spot size of 3 microns and 
with a separation between adjacent X location in the series of 
3 to 5 microns (i.e. X-X, 3-5 microns). In one implemen 
tation, there may be 20 to 30 or more X, measurement loca 
tions. 

In this embodiment, instead of many individually-defined 
grating targets disposed along the Swath width, one continu 
ous grating structure is written along the Swath width, and the 
scatterometry overlay measurements are made at multiple X 
locations along the Swath width. The non-imaging overlay 
measurement method may be in accordance with the method 
disclosed in U.S. Pat. No. 7,564,557, which is hereby incor 
porated by reference in its entirety. The overlay values 
obtained from measurements at different X locations will 
vary if the overlay error is varying across the swath width. 

In the above description, numerous specific details are 
given to provide a thorough understanding of embodiments of 
the invention. However, the above description of illustrated 
embodiments of the invention is not intended to be exhaustive 
or to limit the invention to the precise forms disclosed. One 
skilled in the relevant art will recognize that the invention can 
be practiced without one or more of the specific details, or 
with other methods, components, etc. In other instances, 
well-known structures or operations are not shown or 
described in detail to avoid obscuring aspects of the invention. 
While specific embodiments of, and examples for, the inven 
tion are described herein for illustrative purposes, various 
equivalent modifications are possible within the scope of the 
invention, as those skilled in the relevant art will recognize. 

These modifications can be made to the invention in light of 
the above detailed description. The terms used in the follow 
ing claims should not be construed to limit the invention to the 
specific embodiments disclosed in the specification and the 
claims. Rather, the scope of the invention is to be determined 
by the following claims, which are to be construed in accor 
dance with established doctrines of claim interpretation. 

What is claimed is: 
1. A method of measuring overlay errors for an program 

mable pattern, area-imaging electron beam lithography 
instrument, the method comprising: 

printing a base array, including first patterned cells, on a 
Surface of a Substrate; 

printing an overlay array, including second patterned cells, 
in Swaths over the base array using the area-imaging 
electronbeam lithography instrument, wherein electron 
beam column conditions of the electron beam lithogra 
phy instrument are varied between Swaths during the 
printing of the overlay array; 
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obtaining overlay-error-indication data of the overlay array 
Superposed over the base array; and 

measuring the overlay errors from the overlay-error-indi 
cation data. 

2. The method of claim 1, wherein the overlay-error-indi 
cation data comprises scatterometry data. 

3. The method of claim 1, wherein the overlay-error-indi 
cation data comprises image data. 

4. The method of claim3, wherein the base array is printed 
by forming a patterned layer. 

5. The method of claim 4 further comprising: 
etching the base array through the patterned layer into the 

Surface; and 
removing the patterned layer. 
6. The method of claim 3, wherein the overlay array is 

printed by forming a patterned layer. 
7. The method of claim 6, further comprising: 
etching the overlay array through the patterned layer into 

the surface; and 
removing the patterned layer. 
8. The method of claim3, wherein macro rows of the base 

and overlay arrays include rows of repeated cells, and 
wherein the printing of the overlay array is performed by 
Scanning a horizontally-oriented dynamically-controlled 
array of beamlets in a vertical direction. 

9. The method of claim3, wherein the overlay array further 
includes controlled-exposure areas within a swath. 

10. The method of claim 9, wherein a controlled-exposure 
area has controlled distribution of beam current and a con 
trolled total beam current. 

11. The method of claim 9, wherein the controlled-expo 
Sure areas include areas of full exposure and areas of mini 
mum exposure where pixels are in an off state. 

12. The method of claim 11, wherein the controlled-expo 
Sure areas further include areas of partial exposure, and 
wherein the controlled-exposure areas comprise a first area 
formed with a first percent of pixels turned on, a second area 
formed with a second percent of pixels turned on, and a third 
area formed with a third percent of pixels turned on, wherein 
the first percent is greater than the second percent, and the 
second percent is greater than the third percent. 

13. The method of claim 9, wherein the controlled-expo 
sure areas are asymmetrically-distributed within the swath. 
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14. The method of claim 9, wherein the controlled-expo 

Sure areas cover segments of macro rows in the overlay array. 
15. The method of claim3, further comprising: 
determining correlations between distortions in the second 

patterned cells in the overlay array relative to local expo 
sure conditions. 

16. The method of claim 15, further comprising: 
controlling local exposure conditions to reduce overlay 

errors in subsequent printing by the instrument. 
17. The method of claim 15, further comprising: 
determining and applying pre-distortion to a pattern to 

minimize overlay errors. 
18. The method of claim 17, wherein the overlay errors are 

measured after resist development, after etch, or on device. 
19. A method of measuring overlay errors for an area 

imaging electron beam lithography apparatus, the method 
comprising: 

printing a first array, including patterned cells, on a surface 
of the substrate; 

printing a second array, including complementary pat 
terned cells, in swaths on the surface of the substrate 
Such that the complementary patterned cells of the sec 
ond array are superposed on patterned cells of the first 
array, wherein electron beam column conditions of the 
area-imaging electron beam lithography apparatus are 
Varied between swaths during the printing of the second 
array: 

obtaining image data of the Superposed cells of the first and 
second arrays; and 

measuring overlay errors based on distortions of the second 
array relative to the first array in the image data. 

20. The method of claim 19, wherein one or more swaths 
include areas having controlled exposure levels, wherein the 
areas having controlled exposure levels comprise a first area 
formed with a first percent of pixels turned on, a second area 
formed with a second percent of pixels turned on, and a third 
area formed with a third percent of pixels turned on, wherein 
the first percent is greater than the second percent, and the 
second percent is greater than the third percent. 

21. The method of claim 20, wherein at least one swath 
includes an asymmetrical distribution of the areas having 
controlled exposure levels. 
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